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‘1’l~c IX)pl)lcr pmfilc.s o f  onc of [hc fine slmcturc  line.s of [IIC N I ( 1 ?(10

A) f, 4S(’ --4 1’ mul[iplc[ and of (hr. N 1 l  ( 1 0 8 5  ~) p, 31)(1--31) []lt)l(ij)lcl

l)avc b e e n  lnc’asurcd. l{xci [alien of [hc mulliplcts i s  p r o d u c e d  1) y

Clcctrol] impact dissociative cxci[ation  o f  N2. ‘I”hc  f[lll-ii’i(i[l]-l]alf-

maximum (lJWIIM) i s  m e a s u r e d by a high rcsolulio[~ (JV

Spcctromctcl” (k/Al = 5 0 0 0 0 ) .  ‘J’hc cxpcrimcnta] ]inc plofilcs  arc

evaluated by fast l;oulicr transform (l;l’”l’) 1

[hc J}rofi]cs yields the kinclic  energy  dislr

l~Wll M of NI(1200  ~) inctcascs f rom 27  ~,

:chniqucs and al]a]ysis o f

bution  of frag,lnctl(s. ‘1’lIc

6 mA at 30 c\J to 3“/:1 4

“

mA a t  100 CV a s  (1IC ctnission c r o s s  scc[ion of Ihc (iissocidtivc

ionization  cxcita[io]l l)roccss lwcomcs m o r e  impm (ant rc. ialivc (0 111 c

{iissocialivc cxcilalio]i i)l”occss. ‘J’hc kinc.tic C.ncl”gy dis[ril)u [ion

fl]l]ctioll of  [hC two frap, mcnt N ]  atoms at 30 C V  im[mc[ CI)CI gy i s

]nuch broa(icl  (hall ihcrmai with a l;WIIM o f  5  ~ 1 c V .  ‘1’ilc IW] IM o f

[hc NII(1085 A) Iitlc is 36~ 4 Infl an[i i s  i>ro(iuccd only t) y

dissociative iolliy,a[ion excitation. At I(KJ CV imi~act et]crj~y t ilc

l; W11h4 of each of the emission line l)rofi]cs of the N1(I?OO A) al](i N]]

( 1 0 8 5  A) atoms i n d i c a t e s  (hat t}m kindic c~lcrgy dis~lit)~lti~~l~  is

(icscrilmi  by 1 0  :1 2 C V  l~Wll M. l)issocia[ivc  cxcitatiol]  i~roccsscs arc



shown [() bc a s m a l l  part of [he total quantum yic.](i Of N] :i[O1ll S.

1 lowcvcr,  a]] dissociation pl’occsscs appear (o produce  NI atoms w i (I)

kinclic  energy distr ibutions havin~, nlcal] cllcrg,ics above ().5 (’v a 11 d

can lM(I to a s u b s t a n t i a l  cscap flux of N] atoms flol]] [Iic salcllitcs,

‘1’itan and ‘1’riton of lhc ou te r  p lane ts .
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IN”J’I{OI)[IC’1  ’ION”

1[ w a s  d i s c o v e r e d  l)y llI(im:i  II and Yjil)f (1983)  that clcc(ro  II

it))[)act dissocia(ivc cxci[at ion o f  N? prc)duccd  l)i~l]ly l)roadcncd

IhpplcI line! plofilcs for N]( 1 ?.(K) ~). ‘1’heir mcasurcmcnt of t 11 c

infrared lines, 41) <--4] 1(’, 4]>0 N1(8691 ~, 8212 ~), showed that cascade

r a d i a t i o n  to lhc Ul)JICl ICVCI of N]( 1 ?.(K) ~) is bmadcnccl  to -().34 ~

l;WIIM in the dissociation” process. l.inc w i d t h  stu(lics  of the N]( 1200

A), ilsclf, arc paramount for understanding lhc radia[ivc t r a n s f e r  o f

[Ilc N ]  (]?.()() ~) mu] fip]c[ in t]lc ]larth’s thcrmosphcrc (Mcicr  cl a ] . ,

1980). A rad ia t ive analysis of tl)c al[itudc< dcpcndcncc of  the

NI(1200  ~) multiplct i n  t h e  (JV d:iyglow rcq{lircd a  s u b s t a n t i a l

n~lmbc]” o f  N(4}]) a[ol~ls in lhc thclInal  core  of  Illc ambicnl  v e l o c i t y

dis(libulion. IIowcvcf,  hflcicr (1991) in Ilis r e v i e w  o f  t h e  lJV day~,low

realize.d (hat the indirect laboratory cvidcncc  for kinetic cncrp, ics of

N(dl’) atoms,  to d a t e ,  d i d  not j u s t i f y  t h i s  assum~)tion. ‘1’hc dirccl

mcasurclncllt of Illc ]inc  p r o f i l e s  l) Icsc. ntcd in Ibis study indicate

that ICSS than 2% of [hc N]  a toms have  thermal  k ine t ic  cncrp,y as

Opposc(l to (I]c 5(1- 70% required I)y Nlcicr (1980) to cx]llaill (hc

dayg, ]ow a l t i tude  (iis(ribution  of N](I 2(K) ~).

.,
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Rcccnt rc-ana]ysis  o f  t h e  voya~cr  1  ul{laviolc.t  SJ~CC. tl 0111 CtCI’

ollscrvations  froln t h e .  ‘1’i[aN cncounlcr s h o w e d co Ilclllsivcly (IIC

ill]lmr[ancc o f  t]lag,llc[os]~l~clic clcc[mns in cxcititlp, [hc LJV airil,low of

NJ and N]] e m i s s i o n s ,  among other proccsscs  (Ilall ct a l . ,  1  992,).

{;o]lsidcI ation of  cscapc of N] and N]] atoms p r o d u c e d  in t]] c

dissociation pmccss m a y  bc im~)ortanl in inlcrprcling e.ncrgctic i o n s

founcl  in the S a t u r n  m a g n e t o s

(ic.tcclor  (l IaJnilloJl c1 al., 1983).

In tilis stu(iy  w c  conccntra

Stl OJl~

JHO]CC1l

i9wl),

cxcila

)hCIC b y  thC ]OW-CllCJ”~y JlaJ’[i C]C

c oJ~ Jncasu ring line profiles of two

l“csoJlallcc cmissio Jl ]incs forJncci i n  t h e  (iissocia~ion o f  Nl
,

cs froJn highly -cxcitc(i  an(i s u p e r - c x c i t c d stales (llatano,

‘1’imsc  l i n e s  coJ]lributc Stl’OJl~,]y to (11(> total  (iissocialivc

ioJl cross

x 10.18 Clll
 2  

fOJ

(JaTI~cs  cl a l . ,

plo(:csscs:

a 11 (i

s e c t i o n .  ‘1’he cJnissioJ] CJ”OSS scctioJls at 1 ()() CV arc q .8

N1(1200° ~) an(i ? . . 6  x  ]()”’8 cJn? f o r  NII(I 085 ~)

1 990) ‘]’hc cmissio J] ]incs  aJc foJIIlc(i by til J”CC

N 2 -i C ---> N2* -i c. ---> N + N -J c. + hV,

N2 + C ---> N2+’ -t 2C ---> N+ -t N -t % -I i)v,

N. i C ---> N.++* -i 3C ---> N+ -i N+ - I 3c. -i ilV 3)
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wllcrc * refers, ill our a p p l i c a t i o n , to a hi~hly-cxci[cd,  r epuls ive  s t a t e

of [Ilc Illolccll]c. Wc h a v e  rcccnl]y  dcnlonstlalcd [his Icchniquc  i 1)

{Iic f irst  mc.asulcn]cnl of [hc I 1 1 .yman m lillc ]Jr{)filc (AIc I1o ct a l . ,

lwsa>b).  l’rcvious stu(lics of t h e  cxci[ation  fanc[ioJl  of N] (  12.()() ~)

il]ultip]ct (Ajcllo  aIId Shcmansky; 1 9 8 5 ,  ]tikawa ct al.,  1986) ancl N]]

(  1085 A) tnulti])lct (jaJncs ct a l . ,  1990) i n d i c a t e  [wo ])lincipa]

l)lomsscs fol- fol mation  of e a c h  multiplct. Rcac[ion 1  )  a n d  2 )

contribute to N] (1 200 ~) an t ]  reac t ions  2) a]ld 3) contribu[c to NII

(1085 A ) .  ‘Illc observed llV thresholds illdicatc that the

:Ic’(ol]l])al]yirlg  flagmcnt atom (ion) is Iilosl Iikcly in  the  ground
.

s(alc. in the same way, Ra]l ct al. (1988)  h:ivc shown that the

Itl]csbold  structure for dissociative excitation {:lllission cross scc[ions

i]) the visib]c an(l i n f r a r e d  f o r  casca(ic l ines  (I]at c.ontribu[c to the

s[]on{: N] rcsollallcc. l ines,  caJ~ bc cxplai J~cd by a l:ir~,c yield of’  N(2p2

(~1’) ]]1) -+ N(4S()) fra~mcnt  aton~s.

Rccc.nt expel imcntal data on (I]c kinc[ic distr ibution of N-atoms

froI1l electron i]ll])act dissociation O f  fidSt N ,  H1O]CCU]CS  i)aS bCCll

lncasurcd by (;osl)y (1  993) .  ‘1’hc discrctc s t r u c t u r e  iJl t h e  k i n e t i c

ct)crgy distril)u[iol) can  bc cx])laincd  by a very lar~, c quantu  Ill yield

oi N(21J0) + N(4S”) atoms iJl ttlc JJlc(liss[)ci:tlioll of NJ fl’0111 b o 1] n d
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s(atcs. 1 ,ascr cxcitaliol]  of Ihc }-tydbcr~ and valcncc  sta[cs of N7 s h o w

[t]a[ f o r  cxcita[ion  cllcrgics above 13.91 CV [here is a strong  chan~,c

ill t h e  Illix o f  dissocia[iot~ produc[s w i t h  an iuclcasc in [hc qua Il[u JN

yield of N(21’0) + N(4S()) atoJns. ‘1’here. is ttm total abscncc  of N(4S()) -I

N(4S()) branchin~.  l’rdissociation i s  p r o b a b l y  (hc mos[ iml~or[:~[~t

I) IOC.C.SS i n  t h e  d i s s o c i a t i o n  of N~. ]] OWCVCI, nc]tt)cJ tllC ~r~ss scc[ioJl

1101 thC {]tJallt UJll y i e l d  o f  Jlcutra] grolJJld sta(c collfiglJratioJ~ ato Jl~s

(N(’S()), N(2110), N(21]()))  from rcpLJ]sivc s t a t e s  ]laS t)ccJJ lncaslJJ’cd. ‘1’his

qlJa J~t]ty c a n ,  ill pri Jlciplc, bc dctcrmincd

otllcr dissociative excitation ct)arl  Jlcls a s

.

scc.(ioJl. ‘1’hc d i s s e c t i o n of [hc total absol~J

roJn a  kJlowlcdgc  of a l l

wC]l as t]~~: total CI” OSS

c  CJ’OSS s e c t i o n s  for’ Nz

dissociafi  vc proccsscs  has been givcJl once tmforc by McI ,alJg,h]in  a J) d

Y,i])f (19’/6) aJld [hc If2SLJ]t  S LJSCCi by ];OX :IJI Victor (1988)  i  J]

(]llall[ifyil)g  c]ccI1’OJ) C.ncrgy 10SS ])mccsscs  ill aJl N? g a s .  ‘]’hc. wOJ’k 1) y

M c ]  allghlin aJ)d ~,ipf (]976) JNust bc vjcwc(] w i t h  calltloJl,  siJlcc ( ]lc

at)sol~ltc.  CJ’OSS sc.c.  tio J]s We.rc<  basc(i  011 a UV calit>Jatio Jl sta Jldard t 1] a 1

haS bf3CJl d r a s t i c a l l y  rcviscct  (A~cllo  C(  a l . ,  1989). ‘1’hC WOJ’k O f

h4cl .aughlin aJId ~,ipf i s  also ihc b a s i s  foJ’ dctcrmillin~ Ihc N(21J) yic] d

it] acJoJlomic clicJnislry,  gcJ)crally a s s u m e d  t o  bc. 50 to 60% (Gcl”ard

cl al., 1995) . ‘1’llc a(mosphcJ’ic c]]c.misll-y  of NO is onc c a s e  iJl ]Joi J1[
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Where t h e  quantum y i e l d  aJl(l cncr~y  (iislribulioll  of N - a t o m s  i s

iillportant in the gain and loss n)cchanisms o f  N(J in [hc Incsosphcrc

an(i 10WCI” the.rlnosphcrc (Schcmalovich  c[ a l . ,  1991 ; ~icrard ct a l . ,

1991,  1995;  llarlh,  1 9 9 5 ) .

in addi[ion, <;osby ( 1 993) measured the total CJOSS section of

reaction 1 ) for the dissociation of N~ inlo t w o  nc.u(ral fragmcnls

(prc(iissociatioJ] -1 d i r e c t  d i s s o c i a t i o n  into atoms in hc ground  stale

configuratio Jl +- dissocia[iot] froJn highly-excited and super-cxcitc~i

s t a l e s )  and coJnparcd his results to Winters (1966)  who Jll CaSUJ’Cd

the total cross section for all types o f  Ciissocia[ioll, iJ)cludi  J)g
.

dissociative. ioI)i7ja[ion ( R e a c t i o n s  2 a n d  3 ) .  O u r  p r e v i o u s w o r k

measuring l>lc(liss(~ciatioll c r o s s  s e c t i o n s  and (iircct d i s s o c i a t i v e

cxcitatioJ~ (aJ~d dissocia[ivc ioni~,ation) c r o s s  sccIioJls (AIcIIo Ct al.,

1985; Aicl]o et a ] . ,  1989;

f’rom highly -cxcitcd and

c.stimatcs of total diss

information 01) t h e  J’cla

processes as well as [hc

.laIncs c1 a l . ,  1990; Shcmansky  C( a l . ,  1 99S)

supcJ’-cxcitcd s t a t e s  can bc usd with t h c

)cia[ion cross sections 10 give importan~

ivC iJnporlancc of the various dissociation

k i n e t i c  cJlcrg,y distribution  of l)roduc[s.

. .

.
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ILX1’ICRIMKN’J’AI.

‘1’lIc cxpcrimcnta] systcm  has  been  dcscl ibed by (],iu c1 al.,

1 9 9 5 ;  AJcllo ct al., 1995a, b).

c o n s i s t s  of a llig,l)-rcsc)lllti(J1l

w i t h  an clcclron impaci co]]

50,000” is achicvcc] by opcratin

I I I  brid, (IIC cxpcx mcn[a] sys tem

3-lIICICI Uv Spccltomctcr i n  Iandcm

sion c h a m b e r . A r e s o l v i n g  power o f

z, the spcctromdcr in t h i r d  o r d e r . ‘1’llC

lillc sliapcs were measured with cxpcrimcnla]  conditions that ensure

linearity of signal with clcclron b e a m  cul-rent and b a c k g r o u n d  g a s

l)]cssure. All the. cross sections and spectra were measured in t h c
o

0 osscd b e a m s  mmic. ‘1’hc lnultil]lct S(rllcturc for N 1( 12.()() ~) is

Shown in IJig la .  I t  i s  an a l l o w e d  quar[et-quartc[ Icsonancc

IIlultiplct  cons is t ing  of three fine sllucture lines. ‘1’l]c wave lengths

and statistical weigh[s  for t h e  fine s t r u c t u r e  lines can bc found f r o m

[tic work o f  K e l l y  (1982)  at~d Wicsc et a l .  ( 1 9 6 6 ) .  “1’hc clcctron -

illl]3ac[- iil(i Llcc(l-flll orcs(:cllcc litlc profiles at 30 and 100 CV iJnpact

cllcrgics of lhc ~ 4s (’ 3 , 2- -41’ 5 , 2 f i n e  s t r u c t u r e  ]inc, tl)c slron~,  cst

N 1 (  1200” ~) line, arc shown in [he high resolution spcc[ra  in l;ig. 2a,

along, will) lhc i n s t r u m e n t a l

]ncasurcd  line profiles arc di

slit unc[ion of lhc spec t rometer . ‘J’hc

fcrcnl a t  [he [WC) cmcrgics; and tllc l i n e



.

profi]cs  h a v e  (1]c in(iica{cci I;WIIM of 32 m~ at 30 cV, t>r(~a{icnin~  to

4~ m~ a t  1 0 [ )  cV.  l>ata iminls a r c  oi)[ainc(i e v e r y  1 . 3 3 3  IIIA it] sin,g]c

scaIls.  l)o[iI tile 30 anti i ()() c.V profiic.  s arc. symmetric. ‘1’ilc  N 11 ( 1085

A) multiplct w h i c h  i s  a  compounci  triplc( wi[i~ s ix  comi~oncll[ fine

s(ruc[IIIc l i n e s  i s  stlown in I;ig. lb. ‘1’iIc.  NI1(1085 ~) g 31’0, --31>3 f ine

struclurc l i n e ,  (IIC slrongcst  c o m p o n e n t  l i n e ,  whici~ is also safc]y

isolatcci from the o[hc.r fine structure lines, is shown in l;ig. 21>. 11 h as

a tncasurcci IJWIIM o f  43 m~, compami t o  t h e  sii[ func[ioll of ?.4 m~.

1 lowcvcr, [his line. profile is asymmetric witil a broadcncci

Ilcarly 10 m~ broacicr with rcspczt  to line ccn[cr t h a n  t h e
,

111 [his cxpc.rilncnt, the. line i>rofi]cs were mcasufc(i at

I (xi  w

IIUC w

~oo aJlg]c

Ilg,

ng.

i)()[]l  [() thC C.]  CC{  J”()[)  all(i  Jl)O]CCIJ]aJ’  t) CaIll  aXCS. WC aSS[l  JllC [ilal  ~i} c,

aniso[ropy  iJl iJ~[c,  Jlsity i s  sn)a]i.

I.INE IJRO1~l  I,IH$ AN])  KINIL’I’l  C lCNIC1{GY I) IS’J’R1lIU’1’ION  01~

l~AS’J’ l’ItOl)UC’J’S

]Jl l;i~. ~, thC raJl~C O f  ti]c JllCaSLJI”C(i  I:WIIM O f  ~? Jll~ to 44 m ~

is 110[ lla J’I’OW wili~  rc.spcc[ t o  t i l e  il)strtl  JncJ)tai siit function  (I~W}l M

=?4 mA). 1;171’ [cc}  IJli[]lJcs w e r e  usc(i (0 rccovcJ  [hc ac(lJai iiJlc p r o f i l e

1()
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( 1 ’ l e s s  (2[ a l . ,  1986).  ‘1’hc IIlcasllrcd line profi]c is (hc Convolution of

[hc [rue l ine  prof i le aIId [he. ins[rulncn(a] slit f u n c t i o n . ]iXJ)JX!SSC(i

ll~:ltl~c.ll~a[ically the nlcasurc(t  l i n e  profi]c, l(k), i s  g i v e n  b y  IIlc

convolution integral

1(1)= ~J’(k’) A(k- L’)({ 1’, (4)

Wllcrc “l’(A’) is  tl~c [I-UC lil~c profi]c  at  wavelength k’ and A(k- L’) is

t h e  instrumcn[a] rcslmnsc  func(ion.  ‘J’hc Jil~I’ [cchnic]uc usd i n  t  hc.

JXJpplCI line profi]c ana lys i s  has  been  prcvious]y providcci (AJcllo c t

al., 1995a, b). Wc sclcctc(i  a step filter to remove high f reel ucn c y

n o i s e  from both 1 ~ and Al. ‘1’hc true line profile, lhc measured line.
.

profi]cs  and t h e s l i t  function  a rc  all

looi-slllll-s(]llarc of [he I;WIIM of the

function  should  aJ)J)I’OXilll:i[  Cly e q u a l

J)I’Of

line

[1’llc.

approxinlalcly G a u s s i a n .  “1’hc

t r u e  ]inc  s h a p e  aIId t h e  s l i t

tllc I:WI{M of tl]c mcasurc(l

within 2 n]~ for the 100” CVle. ‘1’his is follnd to bc the case to

profi]cs.  ‘1’hc dil’fcrcncc i n  t h e  t w o  mc[hods  for  cstima[irlg  t h c

line profi]c  degrades as [Ilc measured line widt]l approaches 1 h c

slit function mcasurcmcll(. ‘1’hc unccr[ai  Jltics in ~hc [rue liJlc p r o f i l e s

a t  30 cV iJnpac[ cJ]cJ’~,y i s  a b o u t  25% and at ] (K) cV is foun(i to b c

about 1 2%.
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Wc show in l;ig. 3a

IJlofilcs. “I”hc (icconvolvc(i

Of ?.7 ~ 6 J1lA at~d 37 j

l i n e  pmfilcs, rcspcctivcly

IC inverse I;l’yl’ (1:1’’”1’-1)  for the [Ilrcc line ‘

NC pmfilc  i s  disco  vcrc(i lo llavc a  I;WIIM

m~ for the 30 and 100 CV N](I ?.00 ~)

and 36 ~ 4 mii for [hc 100 CV N]]( 1085

A) line profile. I%r cad of Ihc line profiles in l;ig. 3, Ihc

co~rcsponding kinclic  energy distribution of the fragments, l’(ii), is

given by

P(li)= k(dT/dk) , (5)

where k is a multiplica[ivc  constant  (Ogawa and lligo, 1979, 1980 a n (i

Ogawa cl al., 1 9 9 2 ) .  “J’hc kil~c[ic cnclgy clislrihutions  of the Nl(41’5,1)
,

and N11(31)3)  frap,mcn[s arc Shown in liig. 3tJ. ‘1’hc f r a g m e n t

distribution of NI(41)5,1) and N11(31)3) a[oms have I~WIIM of 10 II 2 CV

with a peak energy at 3.5 :{ l.0 cV for 100 cV clcclron impact

Cl)cl’gy. ‘1’hc v a l u e  f o r  NII(31J3)  atoms is based on the blue wi ng

structure. “1’hc rcd win~ indicates a slightly broader cllc’r~y

distribution.

of 16 Cv or

~i ]iw]]M of

n al] cases [tic fragment population extends [0 cncrgics

)cyo]ld. ‘]’hC fl”a~lllCIlt distribution of NI (41)5,2) a[oms has

5 I 1 CV witl~ a peak value at 2.0  II ().5 cV for 30 cV

Ctcctl”on impact e n e r g y . ‘1’hc.  peak  energy  va lue  for  (iissociativc

e x c i t a t i o n  can bc compard [O [hc two p e a k s found by mst)y ( 1 993)

12.



for Ihc case of ]~rccjissociatioll.” jlc finds discrc(c peaks at 0.8 and 1.1

c\/ w h i c h  a r c  allribulcd  primari]y  [0 lhc c llIU(O,l) vi bra[iona]  lcvc.ls.

in addi[ion, the fragment dislribu [ion cx[cndcd  [0 about 4 c V .  ‘1’hc

fragment population m e a s u r e d  h e r e  cx[cnds  to an energy  of 8 c V .

‘1’tlc scnsi[ivi[y f o r  h i g h  e n e r g y  fragJncnts is larger  in [his

Cxpcrimcnt. i n  lbc cxpcrimcnl of C;osby a minority of the obscrvc(j

dissociation procjucts arises froln dissociative excitation.

‘J’bc emission ]inc profile rcsulls  can also bc compared  to t h c

N(Rydbcrg)  atom time-of-fj ight  (“1’01;) rcsu]ts  of Wells ct al. ( 1976).

Wcl]s ct al. idcnlificd m a n y  c o m p a n i o n  f r a g m e n t s  [0 the Rydbcrg
.

atoms, 111 C] U[ji I)g lhlCS]l  O]d S a t  24. ?.9 CV fOJ” p r o d u c t i o n  Of N(4S(’)

gl-ound state atoms , at 34.6 CV for j~roductiol] of N(41)) atoms and a I

38.3 CV for production of N+(3j’) ions. ‘1’hc distr ibution function of

fraglncnt  l<ydbcrg atoms f o r  cacti o f [bcsc tjlrcc proccsscs  spallncd a

broad energy ran~c f r o m  0 . 3  [0 24 cV at clcctroli  i m p a c t  c~lcrgics

above 50 cV. ‘1’hc energy rai~gc spam~cd for Rydbcrg  fragments was

Snlallcl’ f r o m  ().3 lo 7 . 2  C V  al clcc[ron  impaci  cncrgics bc[wccn  3 ( )

and 40 cV. “Illc similari t ies in (I}c Icsu]ts  of Wells cl al .  with those

found in this study arc made s[riking by substituting, a N(41)) atonl for

Ljlc Rydbcrg atom and taking account of tllc s]
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appearance po(cntia]. ‘1’hc corresponding ca]cu

cxpcrimcnt  fo r  the  colnpanion  fra:, mcnt alc)m

atcd [hrcshold in (his

ion)  {o a N(dl)) c.xci (cd

atoll] arc: 1 ) 2 0 . 1 4  CV for a N(4.S ()) p,routld sta[c a[om, 2) 30.48 CV fol

an cxci(cd N(41)) atom and 3) 34.6’7 CV for a n  N’(31)) iot}. ‘1’hc k i n e t i c

Cnclgy distributions o f  fragmcl][s i II (Dissociation of Nl fro m

repulsive states (in t h e  l;ranck-~ondon region) where Or)c of t h c

fragmcn(s  has -10  CV cxcilalion  cncrp,y is far from thcrma].

I)lSCIJSSION

WC llavc mcasurd lhc l i n e  profi]cs o f  onc ncu[ral cxcitcd
.

atoln, NI(41’) a t  30 and 100 CV and ot]c cxci[cd ion, NII(3]J). AI so CV

inlpact  e n e r g y  t h e  cxcitcd  ncutra] atom is accompanied by ar]otllcl

ncutra] aloln (Reaction I ) and at 1 ()() c.V lhc produc(s  can inc]udc  a [

l e a s t  onc ion (Rcac{ions 2. ancl 3). ‘1’llc l ine profi]c i n f o r m a t i o n  w a s

USC(I to derive [hc kinetic  energy  d is t r ibu t ion for dissociation frol~l

hif,llly-cxci(cd repulsive slates. ck)sby (1 993) mcasurccl t h e

dis[ribu(ion  func t ion  for  all proccsscs  Riving two nculral  a t o m s  f r o m

dissociation  of N~. Wc dist inguish thrc.c m:ijor categories of pIOCCSSCS

for prodllci  ng n e u t r a l  a[olns. ‘1’hcsc ploccsscs a r c  1:) lJIc(iissocialiotl,

2) direct dissociation and 3) d i s s o c i a t i v e cxci[ation  from a hi2hly -

14



cxci(cd  or super-cxcitcd slate. Wc classify all N-a toms producd in

s[alcs a b o v e  t h e  f i r s t  dipo]c allowd c.xcitcd S[atc (41]) a[ 10.34 cV a s

arising from a highly -cxcitcd  state of N2. States of’ Nz produccc]  above

tl~c firsl ioni~.ation potc.ntia] at 1 5 . 6  CV arc cl:issificd  a s  super -

cxcitcd.

‘1’hc Ilopp]cr  l i n e  pofilc stuciy  at 30 CV of [his w o r k  g i v e s  a

kinc[ic  energy distribution that rcprcscnts ODC channc]  of  the  th ree

n]ajor types of pmccsscs  obscrvccl by ~osby for the [otal d i s s o c i a t i v e

cross section of Nz by electron impaci. Cosby d o t s  n o t  d e t e c t

dissociative ioni~ation  proccsscs.  A t  1 0 0  C V  i m p a c t  cncxgy t h c
,

])lcdominant  dipole-al]owc(i  proccsscs proccsscs  arc of the form,

N, (X ‘X+g) +- c(]OO cV) ---> N,”(’x,,+, ‘11,, ) -{ c, 6)

N2*(’XU+,’  H,)- > N + N -I h V ,

where N?* (’l;,,’, lIIL,) can bc a  r e p u l s i v e  dissmiatinp,  s t a t e  (iJl t h e

l~rallck-[:()]~(i()ll r e g i o n )  o r  a  bound j~Ic(lissociatiI]~, s[atc. Abso]utc

cross sections at 100 CV of two of the three types of dissociative Nl

proccsscs found w i t h i n  r e a c t i o n  6) liavc b e e n  m e a s u r e d  in t h c

laboratory. “1’hc t h r e e  subsc(s  o f  proccsscs  arc rcprcscntcd by t h c

rcaclions,

N~’ (b’, C4’ , C ‘>:,,’, b, c, c, () ‘lIu ) - > N(2p3 21J” , 2]>3 ~1’()) -i N(2p34S0)

15



( principal prc[iissocifition pa(hs), 7)

N~* (i):,,’, 111,, )-  > N(2])3 21)(), 21)()) -t N(2p3 2])(), 2 1 ) ( ’ )  (pr-illcipaj {lll-CC(

dissociation pali]s), 8)

a n (i

N2*(’>,,,+,’ 34 ‘“ 21 ’() 21>()) -t N(n], n23) (dissociat ive excitat ion11,, )- > N(2]~- S , ,

from high] y- cxcilcci an(i supc.r-cxcilcd states). 9).

‘]’}IC fil’St tyJ)C O f  J)lOCCSS is Ihc prc(iissociation p r o c e s s ,  rcactioll  7 ) ,

wllic]l h a s  bcrcn cx(cnsivc]y discusscc] by ~osby  a n d  C o - w o r k e r s

(Walter c1 al., 1993, J 994; ~dy, ] 993). ‘]’hC scColl~i ty]JC Of  Jll OCCSS,
.

reaction 8), is a (iircct (dissociation reaction into fragmen[s insi(ic [Jlc

ground  state. con fi~uration,  2p3. “1’hc third reaction 9) is a CJissociaiivc

cxci[alion  process s[u(iimi in this work. lllcctron  sl)in c o n s e r v a t i o n

requires pairs of pro(iuc( N ]  a t o m s  with i(icnticaj sJJin to pro~iucc

singlet states. 1 IOwc.vcr, excitation function sludics  o f  t h e  (ioublcl

Inanifo](i li~rcshol(is o f  s e v e r a l  Ry(ibcrg se r ies  ?p~(31>) nl(21),21J,2~)

in(iicatc  [hat t h e  (ioublc[ Inanifol{i  i s  formc(i wi[h a  4~0 parlJlcJ (l<all

cl al., ] 987). “1’])C JJ1’OCCSS in Rcac[ion  7 )  proccc(is bccausc  of t h c

interaction from a  lriplc[ ]lrc(liss{~c.i;~(illg state. ( W a l t e r  cl a l . ,

1993,1994). 11] lhc same way, spin-orbit interaction of c]osc - I ying

16



singlc[ a n d  triplcl sta[es probably Contribl](cs 10 lhc dissociative

cxcila(ion reaction 9) for  n>3. lIOWCVCI, reaction 8) IIILIS( J)l”OCCCd

pritntiri]y  t h r o u g h  d o u b l e t  s t a t e s .  Umk cl al. (1973)  h a v e  s h o w n

cxpcrimcnlally a n d  Michcls  (1980)  h a s  s h o w n  f r o m  thcorctica]

considerations [hat the! first [iipo]c allowed sillglct-ungcradc

repulsive s[atc of Nz is a 1] IU s[atc producing  two ‘IJO a t o m s .  O n c c

again 4S 0 should not contribute to the dissociation process. Its yield

may bc more important near threshold in electron impact proccsscs,

wlIe.Ic trip]  ct-ungcradc s t a t e s  c a n  b c  fmmcd  by clc.ctron cxchangc

(Michcls, 1980).
●

];or reaction 9 ) ,  R a i l  ct al. (1987)  h a v e  idcntificcl  t h a t  t h e

Rydtmrg series of the intcrmcdiatc  states as bound states with large

equilibria intcrnuc]car distances compared to the g,round state. ‘1’hcsc

states can bc gcncratcd b y  having  the N~+ (IJ 211 F,) s ta te  as  the  parent

ion convcrgcncc  limit. “1’hcsc dissociations tcncl to produce at  least

onc 4S (’ a[om. J<cccnt work  b y LJkai ct al. (1992)  h a s  s h o w n  t h e

cxislcncc of Cloub]c h o l e d  doubly cxcitcd resonances ]<ydb  CI’~,

Structul”c i n  t h e  2.0-38 CV region. “1’hc c r o s s  scc[ion f o r  t h e s e

pmccsscs that clccay into two cxcitcd  Nx atoms is snlall compared  to

tt)c dissociative proccsscs considered here.
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listimatcs  of the cross sections of rcaciions  6), 7), 8) and 9) aIId

Ihc kinclic  Cnclgy dis[rit)ll(loa o f  ttlc fragmcn[s arc impor [ant i n

lllodclin~  processes in [hc U] IpCI- atlllosphcm of the l{arth atld 1}1 C

salcl]ilcs of the Ou[cr plallcts. CIost)y f i n d s that the to[a J

rccommcndcd cross  sec t ion  for  Rcac.lion 6) is 1.2. x I 0-1[’ cn]2 at 100

cV. 1 lC makes this  cstima[c b y  avcra~,ing his work wi[h that of

Wil]tcrs (1 966). The two works differ by a factor  of two. James ct al.

[ogclhcr  w i t h  t h e  rcccnt  uJ~(iatc 0]] cd’ lXU’ ( 0 )  J~rc(iissocialion yicl(i

(Sl~cn~al~sky  et a l . , 1995)  Jca(i to a J]rmiissocia

IN( ‘1)(),  ‘1}(’) -I N( 4S 0) pairs of -5 x J ()-’ 7 cn12 at
.

‘1’hc I’cfcrcnccs> mcntionmi  i n  ti)c

01” N] a n d  NII Iinc c.nlissions f

ioniy,ation)  of highly -c.xcitc.(i a n t i

ion cross section .i nt o

00 CV for reaction 7).

for the mcasurcmcntlntro(iuction,

011) d i s s o c i a t i o n  (an(i (iissociativc

suJJcr-cxcitcci inlcrmc(iiatc Sta[cs

g,ivc [Ilc total e m i s s i o n  c r o s s  scctioll of (ioLIhlc[  an(i quartc( s t a t e s

collsidc<]cd i n  reaction 9 ) .  ‘1’l)c aJ)J)roxima(c total LJV emission cross

section (this value inclu(ics  casca(ic ctoss sections from the lJ< a n [i

visible of Ral] ct al. (1 987))  at 100” CV

resulting in ground sta[cs of 4s (’ sylHlllc

syInnlctry  is 5 x 10-18 cn~2 :tn(i of ?J)() sy

cxci

comi  11~ f rom cxcitc(i  s t a t e s

r y is 6 x 10-18 c.n12,  of  21) ()

nmctry  is 5 x 10-’8 C1112.  ‘1’hc

atioll f u n c t i o n  mc,asurcjncnts o f  NJ  ll}ultiJ~lcts in(iicatc  tha( mos[
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of lhc emission cross scc[ion is attributed to dissociative ionization

e x c i t a t i o n  proccsscs  (A; cI1o ct al., 1985). Wc cslimatc the total c ross

section for dissociation into onc ground  state atom an(i one atom in a

t~ighly-cxcitcd  or  super -exc i ted  s ta te  to  bc 5 x 1 ()-’8 CIN2 at 1 0 0  CV

with about cacb one (bird of tbc cxcitcd  fragments radiating into 4S 0,

21P, 21]0 ground  state configuration fragments,  r e s p e c t i v e l y . A n

alnount  bctwc.en 3 a n d 6% of [be total (Dissoc ia t ion  a r i ses b y

(iissociativc excitation. ‘1’llcre arc otbcr  small  dissociation proccsscs:

Ryclbcrg atoms, a ‘I Ig (v’ >6) prcdissociation, otl]er singlet and triplet

s t a t e  prcdissociations not accc)untcd  f o r  a b o v e , amounting to less.

tl~all 1 x I ()-17 cn12 at 100 cV (Iiox and Victor, 1988). IIowcvcr,  the

large uncer ta in ty in the total  d i s s o c i a t i o n

dissociation c r o s s  scctioll i n t o  cbcmica

CIOSS scclion renders t h c

Y ac’ ivc N(2p3 2]]0, 2P(’)

doul)let state atoms at 1 ()() CV as vc.ry unccrlain with a cross section

value bclwccn  ().2 and ().9 x 10-16 cm2. ‘1’his  ex ten t  of c r o s s  s e c t i o n s

sugges ts  tha t  tbc quantunl  yiclcl of N(?p3 211 ‘), 21 ’0) double t  s t a t e  a t o m s

i s  i n  t h e  ran~c of 65 to 8?. % with 75% IccoIlltllcII(icCi  value.

‘1’hc u n c e r t a i n t y  in tbc yield o f  chelnically  active  N(2p3 21~0,

2P())  atoms,  gcncratcd by the uncertainty in tots] cross section, is



,,

more  [ban compcnsalcd  for by [hc fact that all (dissociation proccsscs

Ica(i to n o n - t h e r m a l  pro(iuc[ion  of N-a[oms. ~cr[ainly prc(iissociatiot~

an(i direct (dissociation of highly- cxci[cd and super-cxcilc(i s[a[cs

lcaci to atoms with kinetic energy distributions with mean cllcrgics

above 0.5 cV. l’otcntial curves of

un(icrstanding o f  Ibc Ciissociation

t h e  groun{i sta[c configuration

rcpu]sivc  states that may Ica(i to a n

process from ciircc[ (dissociation i n

h a v e  b e e n  pub]ishc(i  by Michc]s

(1 981) anti f r o m  (iircct (iissocia[ion  of supercxcitcd states by IIaltz,cr

cl a l . ,  (1992)  and I.anghoff  and IIauschlichcr (

[lip]ct repuls ive  J)otcn[ial curves shown
,

converging (o two groun[i s[atc configuration

1988). ‘1’hc silj{~lct a n ci

in tbcsc I)ut)l ications,

atoms, arc c.xtrcmcly

Sleep i n  t h e  l;lal~ck-~c}ll(iol~ region, in(iicating substantial kinetic

Cllcrgy for rcac[ion 8). h40rc cx[cnsivc potcntia] CLII \f(’. s for

sui~crcxcitc(i S[atcs i n  2(]-32 c\J r e g i o n show Iarfgc in{clnuc]car

separation asymptotes convcrgins to a sing]c ion  an t i  atolri. ‘1’hcsc

Cul’vc,s arc con~p]icatc(i an(i in m a n y casc<s e x h i b i t  tJall icrs to

(dissociation (llall~.cr ct al., 1992). l<cccn~ coincidence mcasu Icmc,I~ts

o f  d i s s o c i a t i v e  ]~l~otoiol~iz,a[i[)ll cxcitatioll  of  the N]( 1200” ~) b y

syllchrotron r:i(iialion can bc comJJarcci (0 rcsu]ts  of ibis work b y

Clcc(ron i m p a c t  (Kitajima  C[ a l . ,  1995). ‘1’bc rcsul[s  in[iicatc

1
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ciissocia[ ion fro]n the

(rcaclion 2). Substantial

rclcascd  in [I}c 35 -  40

of high--lying N~+* s t a t e s

o f  - 2 - 6  cV pcr aton~ (iol~) i s

CV pho[on impact  ct~crgy r e g i o n  (Ki[ajima  c [

al., ]995). WC fj,,d jl~ []~js f.~]~f.~j~l,c*~t  [Ila[ ~jsso~jatjv~  jo*lj~,atjo*~

cxci[ation produces atoms with higllcr kinclic Cncr’gy than

dissociative excitation. llvidcntly lhc rcpu]sivc portion of ( h c

potcntia]  curves  arc stccpcr  in [hc l;ranck-~;ondon  r e g i o n  f o r  ttlc i o n .

‘1’hc

I’r-iton) o f

cscapc  energy of N atoms from the satellites (rl’ilan a n d

the ou[cr planets is ICSS than 0.5 cV. Wc illdicatc this

energy  rcgio,n in l:igurc 3tJ for  dissociation f rom highly -cxcilcd and

super-cxcitcd states. It is assulncd  that lhc e m i s s i o n  l i n e  profi]cs  o f

NI(1200  ~) al~d NII(1085 ~) lead [o kinetic energy clistributions  that

ale. rcJ~rcscnta[ivc. of all (JV rad ia t ing  s ta tes . l;or t h e  prcdissociatcd

States ~osby h a s  s h o w n  [ha[ the  kinc.tic e n e r g y  d i s t r i b u t i o n

prcdo~ninantly p r o d u c e d  with cncrp,ics  a b o v e  ( ) . 5  c V .  S i n c e

u n d e r l y i n g  k i n e t i c  cncrsy c o n t i n u u m  o f  frap,mcnts  from I cpu

sta tes  a lso  follows this result, it is cvidcnl  that more  than  80% of

atolns have. sufficient C.ncrply (o c.scape. If half of (hc N- atoms, w

arc formed

hcmisphcrc,

11 the cxobasc region, arc

hcy would cscapc  t h e  satcl

21

is

his

sivc

ttlc

licll

lnoving iI) lhc upward

itc. ‘1’hc  (JV r e s u l t s  f r o m



V o y a g e r  (Ilroadfoot ct al., 1981, 1989; hall cl al., 1992) indica[c  the

radiation is  prociucc~i in the uilpcr a tmosphere  of the satcili[cs.  other

planc[ary applications of fast nitrogen atoms i n a p]anctary

atmosphere have been (icscribc(i by };OX an(i IJaigarno  (1 983).
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‘1’AIII.lC  OF IO GIJRICS

l;l(iLJRli ] . ]~x])crimcnla] SpCCtla :  a) 1 0 0  CV N] (1200 ~) multiplct ( g

4 S ( )< - -  4 1 ’ ) ;  b)loo” CV NII (1085 ~) mu]liplct  (3 1 ’  <-- 31)()). ‘J’hc

Wavclcnglh s t e p  si~,c in th i rd  orclcr w a s  2 . . 6 6 7  m~. ‘1’hc opcra[ing

conditions were cs(ablishcd  as follows: 1 ) background gas pressure of

J x 10“d torr and 2) clcctmn  beam current of 258 mA.

l;lGIJIUi 2. lixpcrimcnta] spectra .. a) 30 and 1(KI CV NI (1 199.5 ~)

mul[ip]c[ fin: struc[urc l i n e  (  g 4S3,~0 <-- 41 ’ ~,~) wilt] instrumcn[a] s l i t

function; b) 100 CV N]] (1085.70 ~) mu]tiplct fine s[ructurc line (31’Z

<... 31)30) w i t h  [Ilc ins[rumcnta! slit f u n c t i o n .  ‘1’hc wavclcnglh slcp

.
si~,c ill third order was 1.333 mA. l)cak signals were 7000 and 4000

coutlts in the N](I 199.5 ~) and N]] (1085.  ”/0 A) l ine J~rofilcs,

rcs])cctivcly, with background si~na]s of [111(ICI”  1 0 0  c o u n t s .  ‘J”hc

IJWI lh4 of (}1c 30 and 100 CV line profiles and sli[ function arc

in[iica[mi in t h e  f i g u r e .

l~l(;LJRl~ 3a .  Ilcconvolution of (ilc 30 an{i 1 0 0  CV l i n e  p r o f i l e s  o f

N ] ( I  2(K) ~) an(i Nll(i 085 ~) f r o m  [hc mcasurc(i  Iinc profiics  o f  l;ig.
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?. b) Kinetic cllcrgy  N] (41’7,?) atom dis[ribu  [ion of slow a[oms al 3 ()

and 10(1 cV. and N11(3D3(’) ‘1’hc kinetic energy distr ibutions arc

ohtaincd  from l~ig. 3a as explained in [he text using l;l:’l’ tcchniqiles.
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